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17) (?)??????????? (1996) ???????????????????
????????, ???????, 185pp. 
18) ??????????? (2003) ?????????, ?? BP?, 189pp. 
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Summery?The Study on Quantitative Evaluation of the Effects of 
Wall Greening on Thermal Environment 
 
This study aims to 1) understand the recent trends of policies adopted by the 
Japanese government toward the heat-island phenomenon, technical problems 
involved, and the results of past studies, 2) measure the radiation properties, 
evapotranspiration, and heat balance of wall greening systems, 3) conduct 
simulation analysis of the thermal environment by applying the measured 
values to actual districts, and 4) quantitatively assess the effects of wall 
greening on the thermal environment. The paper consists of five chapters. 
Chapter 1 describes the background of this study. Today, greening of 
buildings, including the roof and walls, is expected to effectively mitigate the 
heat-island phenomenon. In this study, wall greening, which is less common 
than roof greening, was investigated. A questionnaire survey was conducted on 
private companies that are involved in greening of buildings and revealed 
technical issues including the need for quantitatively evaluating the effects of 
wall greening in reducing the temperature outside the building. The objectives 
of the study were decided based on these results and past studies. 
Chapter 2 describes outdoor experiments conducted to quantify the effects of 
wall greening, which is one measure for mitigating the heat-island phenomenon 
in cities, on improving the thermal environment. Radiation from walls covered 
by greening panels and concrete walls painted white was measured for both 
shortwave radiation (reflected solar radiation) and long-wave radiation 
(infrared radiation), and the temperatures of the wall surfaces were compared. 
Based on the results, the mean radiation temperature (MRT), the wet 
black-bulb temperature (WBGT), and the new standard effective temperature 
(SET) were calculated as thermal indices for quantifying the effects of wall 
greening in controlling the thermal environment. Comparison of thermocouple 
measurements and infrared camera measurements showed that the former 
value could be approximated to the latter by correcting the former by the 
long-wave radiation and emissivity measured using a long-wave radiometer. 
The corrected surface temperature values showed no notable differences 
v 
between the concrete wall (painted white) and the wall covered by greening 
panels at peak hours in the daytime, but the temperatures were lower on the 
greening panel wall by 2 to 3°C than the concrete wall at night. The radiant 
heat (long-wave radiation) was 4 to 5% lower from the greening panel than from 
the concrete wall at night and was different depending on plant species in the 
daytime. Reflected solar radiation was always lower from the greening-panel 
walls than from the concrete walls (painted white), and a reduction of 62 to 65% 
was shown at peak hours. Comparison of MRT values calculated from 
heat/short-wave radiometer measurements and black-bulb temperatures 
showed that the former value could be approximated to the latter by correcting 
the solar radiation monitored by the radiometer by solar altitude. The resultant 
MRT showed that the greening panels lowered the temperature by 11°C at peak 
hours. Although no notable temperature differences were observed at wall 
surfaces in the daytime, use of a thermal index MRT enabled the effects of wall 
greening on reducing the outdoor daytime temperature in a radiation 
environment, which affects the heat-island phenomenon, to be quantitatively 
assessed. 
The effects in a construction plot were then investigated using thermal 
indices of MBGT and SET*. WBGT values showed drops of 1 to 2°C at peak 
hours, and SET* values showed drops of 1 to 2°C at peak hours and about 2°C 
at night. These thermal indices were effective for quantitatively assessing the 
effects of greening panels on improving the thermal environment. WBGT is an 
index used to prevent heatstroke. For example, no hard exercise should be 
performed at WBGT values of 30°C or higher. A difference of 1 to 2°C in WBGT 
corresponds to a one-grade improvement according to the “Guideline on exercise 
for preventing heatstroke” of the Japan Sports Association. SET* is a thermal 
index showing the thermal sense of persons wearing clothes. A drop of 2°C at 
night shows that wall greening is an effective measure for tropical nights in 
summer. 
Chapter 3 describes a study on quantitative evaluation of the effects of 
thermal environment improvement by transpiration of wall greening. Hedera 
canariensis, which is commonly used for greening walls, was planted in 
vi 
planters, and its transpiration rate was monitored by weight measurement. The 
daily transpiration of Hedera canariensis was about 0.6 kg per square meter of 
vertical surface (0.6 mm). The latent heat flux by transpiration in the daytime 
was about 25% of net radiation, and the difference reduced sensible and 
conductive heat and lowered the temperature near the building. 
Next, the effects of wall greening systems in mitigating the thermal 
environment were quantitatively assessed by measuring the transpiration from 
wall panels on which Eurnomymuys forunei was planted and calculating the 
latent heat flux from the transpiration measurements. The analysis showed 
that 1) the transpiration from the panels, which used peat moss as the growing 
media, was about 3.6 kg/m2 (3.6 mm), of which 60% or about 2.2 kg/m2 (2.2 mm) 
was from the plants, and 2) there was a positive correlation between the latent 
heat flux and the net emission, and the latent heat flux by transpiration from 
the panels was about 60% of the increment in net emission. The study suggests 
that the effects of a wall greening system in controlling latent heat and thus 
mitigating the thermal environment can be quantitatively assessed by 
calculating the latent heat flux of panels from transpiration measurements and 
analyzing the heat balance. The study also suggested that sensible heat was 
effectively controlled by controlling latent heat flux using greening panels and 
the heat-mitigating effects were larger in panels that were closely attached to 
the walls than planters. 
The effects of wall greening on mitigating the heat-island phenomena in cities 
were investigated by calculating evaporation efficiency from the heat transfer 
coefficient, which was estimated from SAT measurements, to understand the 
heat balance properties of panel-type wall greening systems. The resultant 
evaporation efficiency was 0.20 to 0.40. The study showed that evaporation 
efficiency, which shows heat balance properties regardless of meteorological 
conditions, was effective in assessing the effects of wall greening systems in 
mitigating the thermal environment. 
Chapter 4 describes a coupled analysis of convection, radiation and moisture 
conducted at a district in Chiyoda, Tokyo, using the computational fluid 
dynamics (CDF) method, MRT (Mean Radiant Temperature), SET* (Standard 
vii 
Effective Temperature), and meteorological conditions such as air temperature, 
wind velocity, and humidity. The analysis showed that greening of the walls, 
roof tops and ground surface reduced MRT by up to 4.5°C and SET* by up to 
2°C, showing the effectiveness of the method. A comparison between estimated 
and measured temperature and humidity values showed that the values 
estimated by simulation analysis almost agreed with the measurements, 
showing that the simulation values were valid. 
Chapter 5 summarizes the results of studies described in Chapters 1 to 4, 
identifies technical topics for future studies, and discusses the feasibility of the 
study results for drawing up greening plans and designing city landscapes. 
Future topics include: 1) collecting basic data on radiation and heat balances, 
which are indispensable for quantitatively assessing the heat-mitigating effects 
of wall greening, 2) developing new thermal indices for quantitatively assessing 
outdoor thermal environments on a human scale, and 3) reflecting thermal 
factors that were ignored in the studies, such as exterior materials of buildings, 
heat emission from air conditioners, and exhaust gas from vehicles, as well as 
the factors considered in the studies, such as the shapes and arrangements of 
buildings, and verifying the models by precisely comparing estimated and 
measured values. 
Accumulation of basic data, such as changes in solar reflection and 
evaporation of buildings by wall greening, will improve the validity of the 
values estimated by the simulation models used in this study and will enable 
the model to be used for landscape design. The simulation assessment 
method ,which will be backed by verified data, will be useful for quantitatively 
investigating and assessing actual greening plans and landscape designs.?
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